In this paper we use hypothetical and empirical data matrices to evaluate the ability of relative apparent synapomorphy analysis (RASA) to measure phylogenetic signal, select outgroups, and identify terminals subject to longbranch attraction. In all cases, except for equal character-state frequencies, RASA indicated extraordinarily high levels of phylogenetic information for hypothetical data matrices that are uninformative regarding relationships among the terminals. Yet, regardless of the number of characters or character-state frequencies, RASA failed to detect phylogenetic signal for hypothetical matrices with strong phylogenetic signal. In our empirical example, RASA indicated increasing phylogenetic signal for matrices for which the strict consensus of the most parsimonious trees is increasingly poorly resolved, clades are increasingly poorly supported, and for which many relationships are in conflict with more widely sampled analyses. RASA is an ineffective approach to identify outgroup terminal(s) with the most plesiomorphic character states for the ingroup. Our hypothetical example demonstrated that RASA preferred outgroup terminals with increasing numbers of convergent character states with ingroup terminals, and rejected the outgroup terminal with all plesiomorphic character states. Our empirical example demonstrated that RASA, in all three cases examined, selected an ingroup terminal, rather than an outgroup terminal, as the best outgroup. In no case was one of the two outgroup terminals even close to being considered the optimal outgroup by RASA. RASA is an ineffective means of identifying problematic long-branch terminals. In our hypothetical example, RASA indicated a terminal as being a problematic long-branch terminal in spite of the terminal being on a zero-length branch and having no possibility of undergoing long-branch attraction with another terminal. RASA also failed to identify actual problematic long-branch terminals that did undergo long-branch attraction, but only after following Lyons-Weiler and Hoelzer's (1997) three-step process to identify and remove terminals subject to long-branch attraction. We conclude that RASA should not be used for any of these purposes.
Introduction
Lyons-Weiler, Hoelzer, and Tausch (1996, p. 754) presented relative apparent synapomorphy analysis (RASA) as ''a new approach to the detection of phylogenetic signal grounded in statistical principle.'' '' [RASA] works by comparing the rate of increase of cladistic hierarchy among taxon pairs as phenetic similarity increases to a null rate expected under an equiprobable model'' (Milinkovitch and Lyons-Weiler 1998, p. 349) . Cladistic hierarchy (RAS) is measured by threetaxon statements (Nelson and Platnick 1981, 1991) . RAS for two terminals is the number of times a terminal other than the two terminals has a different character state when the two terminals have the same character state, summed for all characters. Phenetic similarity (E) for two terminals is measured by the number of characters used to calculate RAS for the two terminals. ''To ask whether the data set taken as a whole exhibits phylogenetic signal, the observed rate of increase in pairwise RAS per unit pairwise E in a simple linear regression model is compared with a null slope derived using the special rule of equiprobability. The null slope, which is always positive, represents the relationship that would exist between E and RAS for the matrix if cladistic support and E were randomly distributed among pairs of taxa. The test statistic, t RASA , is provided by the homogeneous slopes test, and signal is detected when the observed slope is significantly greater than the null'' (Lyons-Weiler and Hoelzer 1997, pp. 376-377) . Lyons-Weiler, Hoelzer, and Tausch (1996, p. 754 ) distinguished RASA from two other measures of phylogenetic signal, g1 (Hillis 1991) and permutation tail probability (PTP; Archie 1989; Faith and Cranston 1991) , by noting that ''(1) [RASA] is an a priori measure of phylogenetic signal, (2) it is a tree-independent statistical measure of phylogenetic signal, and (3) it is not at all based on the assumptions of maximum parsimony. '' Källersjö et al. (1992, p. 275) demonstrated that g1 can be misleading because it ''is too sensitive to character state frequencies, is not sensitive enough to number of characters (degree of corroboration) and relies on counts of arbitrarily-resolved bifurcating trees. '' Källersjö et al. (1992) and Farris et al. (1994) demonstrated that PTP can indicate strong signal for ambiguous data matrices.
Lyons-Weiler and his colleagues have proposed RASA to be used to measure phylogenetic signal (Lyons-Weiler, Hoelzer, and Tausch 1996) , select outgroups (Lyons-Weiler, Hoelzer, and Tausch 1998), identify terminals subject to long-branch attraction (Lyons-Weiler and Hoelzer 1997) , and to detect lineage sorting (LyonsWeiler and Milinkovitch 1997) . Others have used RASA as a basis to select their tree-building method (maximum likelihood was used instead of parsimony or distance methods because some terminals were indicated to be on long branches; Spaulding and von Dohlen 1998) , to determine on which parts of the tree most of the phylogenetic signal is located (Adams, Burnell, and Powers NOTE.-Matrices with 30%, 40%, and 50% state 1 per character are constructed by substituting an additional 1 per character for each 10% increase for the taxon with a 0 following each taxon with a 1 (e.g., for 30% state 1 in character 1, state 0 in terminal C would be changed to state 1). 1998), and to select among alignments (Mardulyn and Whitfield 1999) . RASA has been interpreted as ''an ingenious method of distinguishing at least some apparent synapomorphy from evolutionary synapomorphy. . . '' (Zander 1998, p. 690) and as a means of solving the question of superiority of molecular data relative to morphological data (Milinkovitch and Thewissen 1997) . In this paper we evaluate the ability of RASA to measure phylogenetic signal, select outgroups, and identify terminals subject to long-branch attraction, using both hypothetical and empirical examples.
Measurement of Phylogenetic Signal
The most basic use of RASA is to determine the amount of phylogenetic signal (i.e., character covariation; Archie 1989; Faith and Cranston 1991) in one's data matrix. RASA has been used to measure phylogenetic signal in several studies (e.g., Johns and Avise 1998; Milinkovitch and Lyons-Weiler 1998; Parnell 1999; Atibalentija, Noel, and Domier 2000; Pruess et al. 2000; van Tuinen, Sibley, and Hedges 2000) . RASA values have also been used to compare phylogenetic signal among data matrices (Wolf 1997; Culligan et al. 2000) , determine combinability of data matrices (Lyons-Weiler and Hoelzer 1999), and determine which characters contain most of the phylogenetic signal (Hall et al. 1998; Holmdahl et al. 1999) .
The ability of RASA to measure phylogenetic signal is based on the presumption that if data are uninformative to RAS, the slope of the regression of observed RAS values plotted on observed E values will be indistinguishable from a permutation-based estimate of the null slope (Lyons-Weiler and Hoelzer 1999 ). We will demonstrate that this presumption is false, first with a matrix that is phylogenetically uninformative yet yields an observed RAS/E slope that is significantly different from the null slope, and second with a matrix in which all characters are completely congruent that yields an observed slope indistinguishable from the null slope.
The data matrix in table 1 is taken from Källersjö et al. 's (1992) data matrix Two. This original matrix has 20% state 1 and 80% state 0 for each character. There are two most parsimonious trees for this matrix, the strict consensus of which is completely unresolved as each character is in conflict with the two other characters. Although the data matrix is uninformative regarding relationships among the terminals, its extraordinarily high unrooted t RASA value of 15,031.04 is highly significant (P Ͻ 0.001; table 2).
The data matrix in table 1 was then modified to include 30%, 40%, and 50% state 1 for each character in three additional data matrices, respectively. For each of these three data matrices, there are 10 most parsimonious trees, the strict consensus of which is completely unresolved as each character is in conflict with four, six, or eight other characters, respectively. Although these data matrices are all uninformative regarding relationships among the terminals, the t RASA values remain extraordinarily high until the character states have equal frequencies (table 2) . This example demonstrates that RASA remains highly sensitive to unequal character-state frequencies in spite of Lyons-Weiler and Hoelzer's (1999) permutation-based estimate of the null parameter. Källersjö et al.'s (1992) total support was used as an alternative measure of phylogenetic signal. RNA (Farris 1994 ) was used to calculate total support, with 1,000 randomizations per analysis. Each RNA randomization performs limited branch swapping on a Wagner tree. In contrast to RASA, total support is zero and insignificant (alpha ϭ 1.0) for all cases.
RASA may fail to detect phylogenetic signal for matrices with strong character congruence, regardless of character-state frequencies. A matrix of 10 terminals and 10 characters was constructed, similar to the matrix in table 1. The matrix consists of two, three, four, or five terminals, respectively, with the character state 1 for all 10 characters, whereas all other terminals have character 2  2  2  2  2  2   2  2  2  2  2  2   2  2  2  2  2  2   2  2  2  2  2  2   2  2  2  2  2  2   2  2  2  2  2  2   2  2  2  2  2  2   2  2  2  2  2  2   2  2  2  2 state 0 for all 10 characters. Although the phylogenetic signal is very strong as the characters are completely congruent, unrooted t RASA is nearly zero in all cases (table 3). These values did not appreciably change when the data matrix was expanded to include 100 identical characters (though suggesting a slight decrease in signal in four of five cases; table 3), indicating that t RASA is not necessarily sensitive to the amount of phylogenetic signal, contra Lyons-Weiler, Hoelzer, and Tausch (1996) . In contrast, Källersjö et al.'s (1992) total support is 20 and highly significant (alpha ϭ 0.001) for all matrices with 10 characters, and 200 and highly significant (alpha ϭ 0.001) for all matrices with 100 characters.
Optimal Outgroup Analysis
Lyons-Weiler, Hoelzer, and Tausch (1998) suggested using RASA as a means of selecting outgroup terminal(s). ''The outgroup taxon comprised of the combination of taxa that has then [sic] most plesiomorphy content is the best justified outgroup for that ingroup. If t RASA in a rooted analysis is less than t RASA in an unrooted analysis of only the ingroup taxa, that particular combination of outgroup taxa is likely to be inappropriate for rooted phylogenetic analyses'' (Lyons-Weiler 2000, section 2.2.3). Rooted t RASA values are determined by removing (constraining) the character state present in the outgroup(s) from the data matrix for each respective character. ''When plesiomorphy alone is constrained, the proportion of character comparisons among ingroup taxa that conflate symplesiomorphy with synapomorphy is reduced. The expectation when rooting with plesiomorphy, therefore, is an increase in signal. Signal is expected to be reduced in arbitrarily rooted analyses with the unrooted analysis because true synapomorphies will be constrained at random'' (Lyons-Weiler, Hoelzer, and Tausch 1998, p. 499). RASA has been used to select outgroup terminals (Liu et al. 1997; Bowe, Coat, and de Pamphilis 2000) , remove outgroups (Hall et al. 1998) , and suggest that available outgroups are unreliable (Milinkovitch and Lyons-Weiler 1998) .
The data matrix in table 4 for ingroup terminals A-L is composed entirely of 14 nonadditive (unordered), congruent characters, 13 of which are parsimony-informative (the first character is a parsimony-uninformative synapomorphy for the ingroup). t RASA for the unrooted ingroup is Ϫ0.32. The outgroup M is composed entirely of plesiomorphic character states for the ingroup. The single most parsimonious tree, rooted with outgroup M, is in figure 1a. The consistency index (CI) for this tree is 1.0, affirming that the outgroup has no convergent character states with ingroup terminals. t RASA for the ingroup rooted with the entirely plesiomorphic outgroup, which is not on a long branch (one step between the ingroup and the outgroup), is Ϫ2.68. This decrease of 2.36 in t RASA suggests that the entirely plesiomorphic outgroup ''is likely to be inappropriate for rooted phylogenetic analyses'' (Lyons-Weiler 2000, section 2.2.3).
t RASA was then determined for outgroups that have convergent character states with ingroup terminals when the tree is rooted with M (also indicated by consistency indices of less than 1.0 on their most parsimonious trees). Outgroup N has two convergent character states with ingroup terminals A and B; outgroup O1 has two convergent character states with ingroup terminals G through L; outgroup O2 has four convergent character states with ingroup terminals G through L; and outgroup O1 has six convergent character states with ingroup terminals G through L ( (fig. 1b) . RASA can be more sensitive to the number of ingroup terminals that have the convergent character states than to the number of characters that are plesiomorphic in the outgroup. The topology of the properly rooted ingroup ( fig. 1a ) is perfectly symmetrical, except that one clade of the ingroup (A-D) contains two terminals in its ultimate clade (A,B), whereas the other basal clade of the ingroup (E-L) contains six terminals in its ultimate clade (G-L). The t RASA value is higher for the rooted matrix when the outgroup contains two convergent character states with clade (G-L) than when the outgroup contains two convergent character states with clade (A,B). Clades (A,B) and (G-L) are directly equivalent in every way except number of terminals.
Detecting Long Branches
Lyons-Weiler and Hoelzer (1997, p. 381) outlined a three-step process to identify terminals subject to longbranch attraction (Felsenstein 1978) : ''(i) an initial measure of signal, followed by (ii) examination of the taxon variance plot, and (iii) satisfaction of an increase in measured signal when problematic taxa are removed or otherwise mitigated. The final criterion (increase in measured signal) provides sufficient and necessary justification for modifying the matrix in particular ways, including the removal of one or more taxa from the study.'' Lyons-Weiler (2000, section 2.2.1) suggested using the taxon-variance ratio diagram rather than the taxon-variance plot as ''a more objective measure of whether a taxon is a long branch than the taxon variance plot. . . . '' Lyons-Weiler and Hoelzer (1997, p. 383 ) cited three ways of modifying the data matrix when removal of terminals on long branches is not feasible: (1) find, for the set of taxa of interest, a subset of characters that retains phylogenetic signal and no evidence of branch attraction; (2) recode the data (e.g., use amino acid sequences instead of nucleotide sequences) to change the set of character-state changes considered; or (3) strategically sample additional taxa to reduce branch attraction. Two other ways of recoding the data were cited: eliminating third codon positions and recoding nucleotides as purines and pyrimidines.
RASA has been used to check for terminals subject to long-branch attraction (Belshaw et al. 2000; Liu and Kipreos 2000; Morin 2000; O'Donnell et al. 2000; Wä-gele et al. 1999) , remove terminals subject to longbranch attraction (Stiller and Hall 1999; Bowe, Coat, and de Pamphilis 2000; Culligan et al. 2000; Teeling et al. 2000) , exclude characters (Barkman et al. 2000a (Barkman et al. , 2000b , and postulate long-branch attraction on a maximum-likelihood tree (Mardulyn and Cameron 1999) .
The data matrix in table 6 for eight terminals A-H is composed of 30 nonadditive (unordered) characters. Although only 15 characters are parsimony-informative, all 30 characters are used by RASA in the calculation of t RASA . The most parsimonious tree for the entire data matrix is presented in figure 2a . All characters are congruent except for character state 3 in characters 14-20, which is derived independently in terminals A and H. The branches leading to terminals A and H are the longest on the tree and their convergence in characters 14-20 can potentially cause long-branch attraction. However, long-branch attraction does not occur because the phylogenetic signal between these disparate terminals is greater than the misleading, convergent signal. t RASA (based on 100 permutations) for the entire data matrix is 1.41. The taxon-variance ratio diagram indicates one problematic long-branch terminal: terminal G (taxon-variance ratio ϭ 1.06; t crit ϭ 0.88). A taxon-variance ratio (F tv ) greater than t crit (the taxon-variance ratio where P Ͻ 0.05) indicates that the terminal is a problematic long-branch terminal. All other terminals, including the convergent long-branch terminals A and H, have F tv values less than t crit . Based on this indication that terminal G is a problematic long-branch terminal, and that its inclusion may lead to long-branch attraction, it was removed from the data matrix following the second step of Lyons-Weiler and Hoelzer's (1997) three-step procedure. t RASA for the reduced matrix is 2.06 indicating an increase in phylogenetic signal. The most parsimonious tree for the reduced data matrix is presented in figure 2b . Note that the removal of terminal G, which was not on a long branch (branch length of zero leading to G; fig. 2a ), has caused the two convergent long branch terminals (A and H) to attract. The taxon-variance ratio diagram for the reduced data matrix indicates that all terminals have F tv values less than t crit , and therefore, long-branch attraction is not expected to occur. Following Lyons-Weiler and Hoelzer's (1997) procedure to alleviate long-branch attraction has caused long-branch attraction to occur. The taxon-variance ratio diagram indicated that the taxon that is on the shortest branch of the tree, and which in no way can cause itself or any of the other terminals to undergo long-branch attraction, is a problematic long-branch terminal, necessitating its removal from the analysis. In contrast, the taxon-variance ratio diagram failed to recognize either of the terminals that undergo long-branch attraction, which was caused by the removal of terminal G. Removal of the real problematic long-branch terminals actually decreases t RASA values (t RASA ϭ 1.16 with removal of terminal A; t RASA ϭ 0.72 with removal of terminal H).
An Empirical Example of How RASA Can Be Misleading
The Davis et al. (1998) matrix of 18 rbcL sequences from monocots (Liliopsida) and two dicot (Magnoliopsida) outgroups is used as an empirical example. The nucleotide frequencies are approximately equal (A ϭ 27%; C ϭ 19%; G ϭ 25%; T ϭ 29%) and vary minimally across terminals, indicating that this data set should not be biased against RASA (see Lyons-Weiler and Hoelzer 1999). The nucleotide sequences were translated into amino acid sequences using MacClade (Maddison and Maddison 1992) . All analyses were performed with equally weighted parsimony using PAUP* (Swofford 1998) . The matrices have been deposited in TreeBase (Donoghue, Sanderson, and Piel 1996) . All tree searches were conducted using 1,000 tree-bisectionreconnection heuristic searches with a maximum of 1,000 trees held. Frequency-within-replicates bootstrap values greater than 50% were plotted on the strict-consensus trees using 1,000 replicates with 10 tree-bisection-reconnection heuristic searches per replicate. To increase the phylogenetic signal, the characters were replicated twice (i.e., three times the number of characters as the original matrix) for a second set of analyses.
One most parsimonious gene tree of 1,045/3,135 steps was found for the nucleotide characters (CI ϭ 0.43; retention index (RI) ϭ 0.35; fig. 3a ). t RASA , based on 100 permutations, for the unrooted data matrix is strongly negative (Ϫ7.85; table 7), indicating that RASA cannot distinguish the phylogenetic signal in the matrix from randomly distributed signal. No long branches for the data matrix (or any of the modified data matrices, rooted or unrooted) were indicated in RASA's taxon- variance ratio diagram, so no terminals were removed from the analysis. Following Lyons-Weiler and Hoelzer's (1997) suggestions for ways to recode the data to increase phylogenetic signal (cited in the context of alleviating problematic long branches), we recoded the matrix, using only first and second codon positions, purines, and pyrimidines (i.e., only considering transversions), or amino-acid characters, respectively. Three most parsimonious gene trees of 253/759 steps were found for the nucleotide characters from first and second codon positions (CI ϭ 0.45; RI ϭ 0.39; strict consensus presented in fig. 3b ). Two most parsimonious gene trees of 320/960 steps were found for the nucleotide characters from all three codon positions coded as purines and pyrimidines (CI ϭ 0.41; RI ϭ 0.40; strict consensus presented in fig. 3c ). Twenty-two most parsimonious gene trees of 213/639 steps were found for the amino acid characters (CI ϭ 0.49; RI ϭ 0.42; strict consensus presented in fig. 3d ). Subset polymorphic amino acid character states were coded as unknown (?) for RASA analyses.
Using a permutation-based estimate of the null slope, RASA failed to recognize phylogenetic signal in the nucleotide-based matrix of all three codon positions, even in the replicated matrix. This matrix produces a fully resolved most parsimonious tree for which many of the clades are well supported and congruent with relationships based on more widely sampled analyses (Chase et al. 2000; Stevenson et al. 2000) . Furthermore, based on both analytical and permutation-based estimates of the null slope, RASA indicated increasing phylogenetic signal for matrices for which the strict consensus of the most parsimonious trees is increasingly poorly resolved, clades are increasingly poorly supported, and for which many relationships are in conflict with more widely sampled analyses. For instance, the two outgroup terminals are resolved in disparate parts of the most parsimonious tree for nucleotide characters from first and second codon positions ( fig. 3b) . Also, Acorus, the well-supported sister group (or member of the sister group) of the rest of the monocots (Davis et al. 1998; Chase et al. 2000; Stevenson et al. 2000) , is resolved as a derived member of the monocots in the amino acid strict-consensus tree ( fig. 3d) . Finally, RASA failed to recognize the threefold increase in phylogenetic signal in the replicated matrices.
In contrast to RASA, Källersjö et al.'s (1992) total support is highest for the nucleotide characters from all three codon positions, and, appropriately, lower for all three codon positions coded as purines and pyrimidines and the first and second codon positions only (table 7) . For all three matrices, the total support values increased nearly linearly when the characters were replicated. The total support test recognized highly significant signal in all matrices except the original matrix of first and second codon positions only (alpha ϭ 0.253), which is the least well supported of the matrices examined for total support. The program RNA does not recognize amino acid characters, and therefore, total support was not calculated for the matrix of amino acid characters.
Optimal outgroup analysis was then performed for each of the matrices (except the matrix of nucleotide characters coded as purines and pyrimidines, for which all characters are binary and therefore optimal outgroup analysis cannot be performed) to determine if RASA recognized either of the two outgroup terminals (Piper and Saruma) as the best outgroups. Broader level analyses have supported Piper and Saruma as appropriate outgroups for the monocots (Chase et al. 1993; Soltis et al. 2000) . In no case did RASA indicate that either of the outgroup terminals was the best outgroup. RASA indicated a different ingroup terminal (Veratrum, Smilax, and Vellozia, respectively) as the best outgroup for each of the matrices (table 8) . In all cases, RASA indicated that the two actual outgroup terminals are the 11th or worse of the 20 terminals to root the trees. In the original matrix of nucleotides from all three codon positions, Saruma was indicated to be the 13th best candidate to root the tree and Piper was indicated to be the 15th best candidate. As a comparison to the t RASA values for which the putative best outgroup was used, Saruma was designated as the outgroup for rooted RASA analyses. In all three cases, no phylogenetic signal was recognized by RASA when Saruma was the designated outgroup (table 8) .
Conclusions
Using both hypothetical and empirical examples, we have demonstrated that RASA is not an effective approach to measure phylogenetic signal, select outgroups, or detect problematic long branches. We suggest that RASA should not be used for any of these purposes.
In all cases except for equal character-state frequencies, RASA indicated extraordinarily high levels of phylogenetic signal for hypothetical data matrices that are uninformative regarding relationships among the terminals. Yet, regardless of the number of characters or character-state frequencies, RASA failed to detect phylogenetic signal for hypothetical matrices with strong phylogenetic signal. In our empirical example, RASA indicated increasing phylogenetic signal for matrices for which the strict consensus of the most parsimonious trees is increasingly poorly resolved, clades are increas-ingly poorly supported, and for which many relationships are in conflict with more widely sampled analyses. RASA's presumption that if data are uninformative to RAS, the slope of the regression of observed RAS values plotted on observed E values will be indistinguishable from a permutation-based estimate of the null slope is unfounded.
RASA is an ineffective approach to identify outgroup terminal(s) with the most plesiomorphic character states for the ingroup. Our hypothetical example demonstrated that RASA preferred outgroup terminals with increasing numbers of convergent character states with ingroup terminals, and rejected the outgroup terminal with all plesiomorphic character states. Our empirical example demonstrated that RASA, in all three cases examined, selected an ingroup terminal, rather than an outgroup terminal, as the best outgroup. In no case was one of the two outgroup terminals even close to being considered the optimal outgroup by RASA.
RASA is an ineffective means of identifying problematic long-branch terminals. In our hypothetical example, RASA indicated a terminal as being a problematic long-branch terminal in spite of the terminal being on a zero-length branch and having no possibility of undergoing long-branch attraction with another terminal. RASA also failed to identify actual problematic longbranch terminals that did undergo long-branch attraction, but only after following Lyons-Weiler and Hoelzer's (1997) three-step process to identify and remove terminals subject to long-branch attraction. Siddall and Whiting (1999, p. 15) described an appropriate method to test for long-branch attraction: ''branches can only attract each other when they are simultaneously part of an analysis. If two branches are attracting each other, the absence of one of the branches should allow the remaining branch to place elsewhere in the pruned tree. That is, if each of the two branches individually group in precisely the same place as the other when they are allowed to stand alone in an analysis, one can hardly argue that they are attracted to this placement by the absent branch.'' RASA, relying on three-taxon statements, cannot avoid their inherent problem of dependence, as described by Farris et al. (1995) . RAS for two terminals is the number of times a terminal other than the two terminals has a different character state when the two terminals have the same character state, summed for all characters. Therefore, RASA is strongly affected by the frequencies of character states. Lyons-Weiler and Hoelzer (1999) recognized the sensitivity of RASA to unequal character-state frequencies. However, rather than recognizing the problem of dependence to be an inherent flaw of RASA, Hoelzer (1999, p. 1401) ascribed the problem to ''excessive compositionally induced character state biases limit the phylogenetic information that can be encoded in a data matrix. . . .'' But that is not the root of the problem, as demonstrated by our first hypothetical example in which RASA interpreted character-state biased data matrices that are uninformative regarding relationships among the terminals as having extraordinarily high levels of phylogenetic information. Lyons-Weiler and Hoelzer's (1999) permutation-based estimate of the null parameter is an ineffective correction.
It is highly questionable to measure phylogenetic signal using characters that are not used, or are used in an entirely different manner, by the tree-construction method. RASA considers all variable characters to be informative, whether they are parsimony-informative or not. Uninformative characters do not reveal cladistic hierarchy and yet may be counted as apparent synapomorphies by RASA. For example, in the hypothetical example from the detecting long branches section, RASA measured phylogenetic signal in twice the number of characters that were used to construct the trees using parsimony. When these parsimony-uninformative characters were removed, four more terminals were indicated to be problematic long branches, though terminals A and H were still not recognized as such.
In the same sense that neighbor joining and parsimony treat characters differently and therefore often create different optimal tree topologies, RASA, measuring phylogenetic signal outside the parsimony and maximum likelihood frameworks, will often give results that have little to no meaning to these methods of tree construction. Lyons-Weiler, Hoelzer, and Tausch (1996, p. 754) distinguished RASA from g1 and PTP in part by noting that RASA is not at all based on the assumptions of maximum parsimony, presumably considering this to be an advantage. However, we see no consistently meaningful alternative to using the same methodology to construct trees as to measure signal. Källersjö et al.'s (1992) total support is consistent with the parsimony approach.
